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1/ 



mm 



*VY**v? (mr#> BGfcftn, ) 2. 7 e VJSLt3. leVMT-C 
&»K Io^-;WO. 1 5 g/cm3ll±, 0. 4 5g/cm3WTT^ 

TOfiot, Kft^WfbftOBGSrBGOfcU ft^S^O^UBKk 
l*OBG£BG 1 i: LfcB#K> BG 0-BG lrt s 0. 0 1 e V^l_L0 . 45eV 

ot,' ®fl^JS»^»OB G^BGOiU t^frftpMHMkttaB' G * B 
G 1 Ltzmz; BG 0-BG 1^0. 0 1eVW±0. 4 5 e VJSlTfcfc* .£ 

Si^/Hf-Safck 1**, fi^tft»0«KJI«:wp (g) , Xf'fTlMw 
m (g) , *'-;v^«fiS^d (m) % 'EHegcSrn (rpm) , fi^WSr 
t (#) fcLfcB#fc, 

k 1 =wm/wpX d X n X t 
4*|»fc-C££;h.*k 1^ 3, 0 0 0£JLh2 5 0, 0 0 0JaTe*SBI#£3 

[H*®6] i*/Mf-Jc£k lri f l 0, 0 0 0J&±15 0, 0 0 0EHT 

7 ] Jc^^-fcS: k 1 j&* 1 0 , 0 0 0 JBLt 5 0 , 0 0 0 BLTt? 
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^-^ST-#7& ? 1 0 0-5 0 0 nm<0«HtC**&JR»^»3&* 

Aiftt*. ) i:, ¥**>-&&^&rt ? l 0-4 0 nm<&ttHK**&J5£ffc!»*fr 

[»*«9] tt^B^ BETftfcJ:Sit£ffi**&«*LfcTO-* 
t^S^ 0-4 0 nm^)iIM« fiffCiit*, ) £ 1 0 

-2 Onrntt^ftftttft* (», tFHfDfcft+a. ) Oft*»-e*4i* 

1 0 ] fiT-^B nsptyimmm' 6 0 m 2 / g JJLL l l O m 2 / 
[«f*^12l 9v7&BLiP0. 15g/cm3J^±l. 0g/cm3& 

o 

1 0 «%£Lh-C*4 - 1 «r#»t 1 4 KIWOMMWNI&flH) 

1 6 ] Kftg 1 OBWfcf - i L < tt 2 

#i 3 7bm 1 5 *i* 1 SKE«©«Jt*i6T?# & *ifc«HMb 
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^-->*: 3/ 



aCfl^wp (g) , ^xV Tff^wm (g) , **-^5,n^Sfl*lg£ 
d (m) % mmmn (rpm) > rI3«£t (fr) fcLfcU#K, 

k 2 =wm/wp X d X n X t 

k 2 ^I-&^i5tt^^^^^-Smk l*>Mfi^ 

k 2^k 1 

[it*«i 7] m$i&£Kmz>^*)\<3 : -fcm 2 ^rs-^ic^tt 

8. 0XkUk2kl. 5Xk 1 

k& - 1 *vmt-t zmim 1 6 tcfemo^m^b^^tfc^oMit^^o 

1 8 ] S^rl^^iiit^i^^^-^k 2 IfcSzSS-Kfctt 

^x^^^fk 1 WWW 

5. 0Xkl^k2^2. 5Xkl 

x~mfcz> - 1 1 6 izmmo^mmmMmm^mo 

[»« 1 9 ] »n 1 6 1 8 cov^-rtL^ 1 ^zuywmmm-e® 

[tf*« 2 0 ] iff $3 1 co$Hfc^ * <> L < (4 2 KfBfcco^mifc 

imm 2 1 1 1 * & t < « 2 tcis«<o&JiM 
Wai^ iii 3 1 5 ov^r^^ 1 %izmm<v^&i]&xftbtitz£mm. 

Ho 

[1*12 2] l^m^±4 0^mmT-C'*^Ci:^Mi:t^ 

[fS^S 2 3 ] ffH 3 1 5 w ^-ftifr 1 3Kfemo£JI$HfcM£ 
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[|$| 2 4]. mm 3 7bm 1 5 <*>v»1* *i* 1 £lcffi«tf>&JSB*ffc»fl*i6 

. 2 5 ] 2 3 1 tzit 2 4 (Dmmij&x-m&ztifz&mMmw. 

imm. 2 6 ] »## 2 2 t:|B*0«»jbft«aff «r^tr*««r#Jffi5? 

. 7-3. i e vx&zztmwitirz>&mi%mm±mmm 0 

im*m 2 8 ] III 2 5 ftM 2 7 (D^-fM 1 ^(Cl5«0-fe^«S* 
IIil!!^ix./:Mli^tt^ftp n no 

[ft M 2 9 ] flf*9 2 5 2 7 <D^-ftifr 1 «Kf2f^fe*f !®M± 

111^.3 0 ] mm 2 5 7Sm 2 7 O^-f ft^ 1 «^IBicOfe^li®M* ' 

* fit i mmmm^-r 

mm 3 1 ] mm 2 5 2 7 o v>r 1 ^iciB«o-fe^sM± 
urn % * m x. * t & & n n n . 

3 2 1 it m 25M27 ov^rtt^ 1 ^ine^^-fe^wa*: 

[0001] 

[0 0 0 2] 
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&^!iM«mjfef±*0-o-?&»K 1 9 9 l&zu—VyxXfti&V?'. 
[0 0 0 3] 

[0 0 0 4] 

f 1"\ Mfeff«£MU ^^lETL^I&^i-^o l&^L^m^ti^UBft 



7 (%) = J s c X V o c X F F/AItti^;^*-X 10 0' 
(5$;«K 7i±5fem«»> J s ciiH&IM [mA/cm2] , V o c (i 
HJfcWE [V] , FFJ±-7^;i/7r^^- [-] £^1-<> Altfc^^^-lif- 
««^^l9^Alt^^^^- [mW/cm2] £^-t<, ) 0 
[0 0 0 5] 
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6/ 



[0 0 0 6] 

^8Mb*«#fi^fcOO|Eiii«**§<-rs^ftfcL-Ctt, 3-10 nmO 
[0 0 0 7] 

^Hgil^f-^V^Sfi, ^7^>^Wt^O, BMfcf^tt^Effi.OiHNI 
[0 0 0 8] 

[0 0 0 9] 

#12001-28394 2^<k*& 
[4HfcfcK2] 
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$H 2001-35789 

mft&mo 1/1 6 0 2 7fA>7l/7 b 

[#SF»4] 
#I¥6-3 0 4 4 2 3tM 

#&B83 6 -3 3 5 

[#tflfcfclRl] 

M. Graezel, Nature, 353, 737, (1991) 
I^#it»2] 

#!lxJf, C. J.Barbe et al.,J. Am. Ceram. Soc. 
,8 0,3 1 5 7 (1 9 9 7)) 
[#4W*1K3] 

IMP**, WML (*) , P. 1 2 9, (1 9 9 1 ) 

L.D.Hart and L. K. Hadson, The American 
Ceramic Society Bulletin, 43, No. 1, (1 
9 6 4)) 

mmm MMs \mt^^>%imo-f^x\ w 

(1 9 9 8) 

[0 0 10] 

[0 0 1 1] 
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*%w% h its ±Mumzm.hmm% i fcts*, -^fes*^ * o ©sip 

U- ±fE»H«:«|*i-* i:lo £<, 

K^-V ?V (mp$> B G t^-tio ) *K 2 . 7 e V&±3 . 1 e VJttTT** 0 
, B.o*v?&8L#0. 1 5 g/cm3JJU;, 0. 4 5 g/cm3£HTT*^I 

[ 2 ] «ftoi^o»««^iKb»ft^tft5^R^ L/^mm«« 

jt#-C*oT, AfWKfllfbffeOB G£B G OfcU ?^&£&«>&JRgMfc!»<D 
BGSrBG 1 t LfcWK, BGO-BG ltfO. OleVJ^iO. 4 5 e VJTF 

[0012], 

> wM&wmm><7) BG£BGotu &$.M£fe<D&mmm<D bg^bgi 

tLtzm^ BGO-BG 1&0. OleVJSltO. 4 5 e VJftTfc %2> X n K 
[4] «?I^ S > ^ih»W> I#?jk j>x? h 

^^-jgftkl^ fi*t4ftom*ffp (g) > ^f^'7fi^wm ( 
g) , **-;], 5 ;W#S£ft@£d (m) , IH^^n (rpm) , l^Rit ( 

k 1 =wm/wpX d X n X t 

ftzmm-emztizk m 3, ooow±2 5o, ooo&Tc**JtiB [3 

[6] x^-tlkl^lO, 0 0 0 JBUi 1 5 0, 0 0 0&TT* 
*±B [3] £|Btt©«BMb»*£fc0lBtm 
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[7] J.*/M r -j6ftk 0, OOOJJLtSO, OOOttTt?** 
±12 [3] lcE«W^«»jtW»jt#OMm 
[0 0 13] 

[8] J^#^«m«^\ BETtt»=J;*Jfc*liai*»feJMtLfc¥*&- 
^BSPftFl 0 0-5 0 0 nmOm£$*&J(Kfcft&fc fiSHSEAi 
Wt&o) TO-^^feO'l 0-4 0 nmO$&HC&&&Jimft»* ( 
m CTBtlt^o ) J:$**3*i*£fc*#*fc1-S±|B [3] 75S [ 
7] ©v»fn*i:i»©^ifl»i^O«jim 

[9] fif»B#, BETftKlJiSJtlElB^&jMfLfcTO-^e^ 
0-4 0 nm(7)^Jim«» tffWC fcffc-f*o ) 

Onm^MfW* («, fi^ffDfcftti. ) WS^»-C*4±SB [8 

[1 0] »^Bc/)TOJt^MW6 0m2/gJJIL±l 1 0m2/g& 
TTNfc*±IB [8] ife'tt [9] Kffi«0«afejb««fifl£0«jim 

[11] e^A75MDcO^*,^< fc4-o#, &ffliirC£j£$*Lfc 
4WMbfl(fC**±|B [8] ttS [10] ov»r*i^KB«©«»^flHfr» 

[12] 9vfm&iPQ. 15g/cm3£Lhl. 0 g / c m 3 

**±e [3] 75s [i i] o^r*i^^iwo«*ftiMiiaH*©«jtm 

[0014] 

[13] ^JSm««^^>T^^^i:^«t1-*±ffi [3] 7b 

m [i 2] wv>r*L*»:iB*oK^f-^>*js#o«3i*ife, 

[14] &ii&flft ? > t , mit^ awt- * 7\ mft * 

awt^a-*** mix*. Wt9yyzT>frt>mifti&&%< t 
*13WJa±«)&«BMK«i:oa#llr-C**it*«fftfc«±|E [3] ftM [ 
12] Ov»-f^»:E*o^JRKft!»*jt#o««*ft, 

[15] «r^PBWb*0S'6*t*4*L*HMtf-^^0«*« % 10 
«%&±t?**c:fc**HRfct*.hlB [14] KfgftoM^tttt&ftolK 

am 
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[0 0 15] 

[i6] ±ib [ i ] omtf- 9 >mm®-i> t < i* c 2 ] v&mmmm 

%.mtz&±M [3] 7bM [15] Ov^-ftL^jcie^^it^feTlf^n/:^ 
M^SM^Mt^ot, -eoii^rl^-^fctt^^^^^-jeiik 2^\ rl 

^t^>f«i^wp (g) , 7f£ft£wm (g) , **-;l/5;i/^F«3 

g£d (ra) , mmWiZn (rpm) , rlS^* t (fr) tU:^:, 
k 2 =wm/wpX dXnXt 

Khrmx-nztih k 2 ^^tc^t&^^-^k 1 <Dmm* 

k 22?k 1 

[1 7] KzS^niJtt^^^^^-^k 2 ij^ri^cfcit^ 

8. 0 X k 1 2s k 2 ^ 1 . 5Xkl 

x~m*iz>z.tmmttz>±M [1 6] ^mmmmm^m^mmifm 

[18] ^«£K:mt£^*;i/*--£$:k 2 ^zg^^t&a: 

5. OXk l^k2^2. 5Xk 1 

x*uz*iz>ztmwti-z>±M [i 6] ^mm<Dmmm^mmmmm 
[19] ±sa [ 1 6 ] jbm [ 1 8 ] (D^rti^mm^mmiimx'n h 

[0 0 16] 

[20] ±ts [i] <7)mit^9>m^mL<a [2] izmm^mm 
imrnm-, ±§b [3] [1 5] ov>-rti^^fB«^|jf^^T'#e>ti^^ 

[21] ±12 [ 1 ] * >^#:^> t < (i [ 2 ] iztmo&mwt 
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fMWHWk ±IB [3] [1 5] O^Tti^iCfB«<7)itii^Ti#ibtL^# 
JR8Mfc«flHt#Xtt±IB [19] C|B«©BMfcf-^^**tr«BMt»»ft#* 

[22] KgW* l^my > ±4 0^mmTT**^^fc^#mtt^±ffi 
[2 1] tc|B«W^JRKfti»«jtfr«:^tr»K, 
[0017] 

[2 3] ±13 [3] 7bm [1 5] <7)^-ftL^{ifB«W^Jim«»5t#: 

[2 4] '±e [3] 75M [i s] o^ttifrKtmey&mwtimm&fc 

i3«fctf±iB [1 7] 75M [1 9] <7)v>T^H;fB«co^m«^fc#:^fe^ 
[25] ±|B [ 2 3 ] * fctt [ 2 4 ] 0«&#grC«iiS *Ljtfe*JtflgE 

[2 6] ±ib [2 2] ^umv&mimm&m^mmm&wm 

[2 7] £*m**&fe*£IS^L;fc&0»ft?-*>OBGj&< 2. 7 
-3. 1 eVT**ifc*«pftfc1-*fe«fll*3a*l»milll, 
[ 0 0 1 8.3 

[2 8] ±|B [2 5] 75M [2 7] ©V»-f *l^^B««fe*J»«ffl*:li 
[2 9] ±|B [2 5] 751= [2 7] Owf *i*fc|B*Ofe$i8l8a*& 
[3 0] ±SB [2 5] [2 7] ©V»-ftL*UE«©fe«Ji*fi*H 
[3 1] ±IB [2 5] [2 7] OV»«f *L*»c«©fe«ji*a*|l 
[3 2] ±IB [2 5] 12 7] OV>r*i^tc|E«Ofe««Jfia*ll 
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[0 0 19] 

m-mn 00-500 nmonBK&£&js$tfk»* m^Amt^> 0 
) ^n-xm-mn 0-4 0 n^mm^^mmtm^ip. m*m 

-So 

[0 0 2 0] 

USPS A t B ^ 1 fcTOT' litt^RiOjaftttWflTJ* * 4 Ttlt 
[0 0 2 1] 

^ n y > ft^JR^ £ a^-CJn*** t & i t Ti# f> ft & , v> tf> & 
[0 0 2 2] 
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0, frfr&m&^&^Xim?&Mli&Z>mi&®%X$>z >0 m^M£J: Ofcil 
[0 0 2 3] 

fettf^K X &ftftJR«)it*4<A * * £ K! & * 0 Hfcfc* ftffcaf±*2II«&g 

-■fctfrp&a*! 0 0 nmH5 0 0 nmMt^^iH^I K, f&:£L$-£ 
10 0 2 4] 

&imtxtt*&m&{Mi^i:&wi$-£z>o £ix&mmm£%a&Ltzm® 

Tfcf) (t»«©##lfcfcK3, m \m&-9yi, p. 5 4, 5 5) , iSJtfe 

<Dib£ffi«li*&4 0m2/gHftl 50m2/gt*»), #iL<ttj&6 0m 
2/gJ2Lbftl 1 Om2/g0f^. 
[0 0 2 51 
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ftt L<lt%}l 3 nm;6>«b&2 5nmh4i 0 TO— 0 nm£*) 

t5/;*{:|H^<j(Px.^:ii:iBno TO-#*2Sri ? &4 0 nmi 0 

Sm^gg£-JttigftJtTA/B=5/9 5-3 0/7 0, 0£ L<I*A/B = 
1 0/9 0-2 0/8 0-e&<5>o 
[0 0 2 6] 

* $ *rt V» * < , *K#J£ SrS» -5 fc *> (4TOtS:SO||4 & 

t ©ttTO0TO-*tt*8tt, i^^WiB K&*&«ft|EH 

*e>S#5S*ia<0;&*£ < , f«W2 0 - 4 0 n m«SC fcTO~ 

-km-mn 0-20 nm«D?)i*^fc«t*Jb&o 

^PDfcOE^JfcttKftJfcTN C/D=10/90~8 0/2 0, fJL<l±C 
/D=l 5/8 5- 7 5/2 5T?**o 
* fc> tt^WA, B, COfl^fejftjftttffl— t?^t^>v>U J3S>#|fcoTv> 

[0.0 2 7] 

■ci 0 o®9v\*>yz*tz> 0 m*y7*mftLt:m. tmnEn^i 0 0 

cm3tL tt*M&JHI (g) £$J£1-£ 0 (g) *1 

0 OtiltH^, 
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. 15g/cm3a±l. 0g/cm3&>TK-t&Zttf&tL\*. 9 Vf&& 
#0. 1 5 g/cm3*i^-5^ ftgMW£LTV>£Ci:&*U * 
•y7°»^l. 0g/cm3J:')^^t, MftftWftfflt*5Mfc#J: LTfl 

& i: m##ib^x A - x Kit £ & < & £ o 
[0 0 2 8] 

[0 0 2 9] 

^J§£<7>i*;v^-5ti&kii, mi^-^^^^^^u, «»£$c-L 

k =wm/w p XdXnXt 
OfrK wp{±^t£f^$£» (g) ^ wml^f^TSi (gK dli 
tf-^^SSWg (m) ^ ntilfeiSc (rpm) , t ttia£l$K (#) 
o ) 

[0 0 3 0] 

-fcmktLfztZ, kltf, 3, 0 0 0JJLL2 5 0, 0 0 O&TX'&ZZt 
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[0 0 3 1] 

tS^^c**/** #^»fc££i;$-t2:&oK 

[0 0 3 21 

&flWMM&<& B G tomtit, *lj;>rK* *EU&\z X o x&m&<Wbtifrn& 

5 * i o x b g v>m%z>m*m±tf%n?tz> t , « aa^ta*^ c 

ffiTU BG^Wtt iot ^«^bu^OBGH (JSJL 

[0 0 3 3] 

oho Mwmffiftmmfrmtfmjtim u v-24oomisr-24oa 
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10 0 3 4] 

BGI± 

E= 1 2 4 0/A 

EliBG [eV], ^lilWl [nm] f^^Ct^ 
<b> tetfi^ir©BGXWRJRj|«ftftf-fL«r*LBGO [eV] , AO [nm] 
, 1£&tjii&nBGRtmWWL&**tL*tlBGl [eV] , n [n 

m] mm,^Wik(DBG [eV] <i, -eft-rft 

BG 0 = 1 2 4 0/A 0 
BG 1 = 1 2 4 0/A 1 
i:&&o ioT, ^^Btr^-COABG [eV] 2fc£ 
A B G = B G 0 — B G 1 = (124 0/A 0) - (1 2 4 0/A 1) 

[0 0 3 5] 

-fcfc, T^-^MiKfcf-^^BG^ 3. 2eVtWt>tiX^Z (## 

tin o&iiKf bfe * s v » a -e tub ri^r* *> isnfo b g fiTM imz> h tiz> 

o 

[0 0 3 6] 

BG%0. OleVfiliO. 45eV£lTKt*it#aiLv> 0 ABG^O. 
mmhfi\z<^ 0 ABG^O. 4 5eV«fc^*§v>j#£{i, %tf-m<r)& 

*%W<r>mtt?-fi yMikmz&^Xtts B G 1 &2 . 7 e vm±3 . leV£l 
[0 0 3 7] 
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9 U ;wSKS, N — kf— ;W7-fe b 7 5 K-7* 'J h u N- kf 

-;U7-trb7$ K-7*y*7$ K#££fo *'']7^)^7? h\ 7*V*7 

> f h77^tn'xfi/>-#ij7^tn7^trx^x-f^l^ *° 

, *°';N-lf-;i/7-t h75 h\ #V7^y^7^ K, ^n^'J^l N- 
kf^;W7-fe h 7 $ K-7 * V )Vm-f y 'j 7 7* V ^7 < K-7 9 'J 
^Sth'JfA «k Tf jje v r h 9 7 u x^ v > tfU f L v > 0 # y 7 

*'J*BHI*ttJHt*fra\ LT7^*U^JRfi*4v»tt7^*';±«^JR 
WiL<, b U7A, 'Jf7A;*'J7A v 7>^x^A, v^* 

5 0 0 \>X±.imt L < , 1 y5m±#$ <b KfiP $ U» 0 
[0 0 3 81 

§> ^i^cfcttSx^i^-^k 1 t^H#tk2^k 1 iniiif 
*tv» 0 $&CjSFiL <ii 8. 0xkUk2^i. 5 x k 1 7?* *) , £ 
L<{45. 0XkUk2^2. 5Xklf*-S„ 
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^-v: 19/ 



[0 0 3 9] 

(D9 v 7%m#0. 4 5 g/c m 3 J^?**U;fifclM£fc»C Lfc|£OS$»ffc 
ttKOTF4IMit4x*V^ 0.4 5 g/cm3 *igx.TV>* £«j*ttttfttt(2 

Smk l <r> l . 0TO±tcpg-t-5>w»mfl</T'ab^o k 2 tt*§v»iJ«MfcJ» 

t^tb^r, saw 

[0 0 4 0] 
[0 0 4 1] 

tim£fc<D£LfcmkLxi^ #i;x*i/>, #U7nifi/^ #>;*f-t/> 



ttJ|E#2 003-3061019 



2 0-0 3- 1 9 7 6 7 2 ^ : 20/ 

-^T-fe^-^flflt, #';7-fer-K ABS#II, xsK+*>#J», ft* If-* 
»J 7 P * >#J|> * V * - - f fiUBftfJI* 7 y t' U 7 y f fc If 

[0 0 4 2] 

**^#tt*^fe*^^f&tLi 0 .^tct«sa6^tc^$n^Js*<b» 

[0 0 4 3], 

tt, IM^CTl 2 Ot:, 2 0Mt5^W6^5, 
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